Ng et al., http://www.jcb.org/cgi/content/full/jcb.201207148/DC1 Figure S1 . The use of a modified wound-healing assay for the study of collective migration on different substrate stiffness. (A) Schematic of the constraintremoval wound-healing assay for the study of collective migration on PAA gel substrates. A block made of PDMS was placed atop PAA gel substrate to prevent cell adhesion to this region. Cells were then seeded on the substrate around the block. Removal of the constraint allowed cells to migrate collectively into the newly available "wound" region. (B) Quantification of rhodamine-fibronectin fluorescence intensity after PDMS block removal in wound regions and nonwounded regions on substrates of various stiffnesses. Neither the PAA gel substrates nor the fibronectin coating were removed or injured by PDMS block removal, allowing collective migration to occur on functionalized surfaces. The data shown are from a single representative experiment out of two repeats. (C) Wound edge advancement on stiff (65 kPa) compared with soft (3 kPa) substrates for MCF10A cell sheets on collagen-1 (COL1) and fibronectin (FN). (D and E) Effects of treatment with 1 ng/ml mitomycin C on wound edge advancement rates (D) and cell proliferation (E) on both soft and stiff substrates. (F) Spatiotemporal fluctuations of mean cell densities within the migrating cell sheets on soft (3 kPa) and stiff (65 kPa) substrates. (G) Areas of wound edge cells at 0 and 12 h after wounding from three independent experiments. (H) Cell heights on various substrate stiffnesses after wound healing overnight (15-20 h) from three independent experiments. Error bars in B and E show SEM. Error bars in C, D, and F show 95% confidence level around the mean. Box plots in G and H indicate median and quantiles, with data points outside the whiskers being outliers. a.u., arbitrary unit.
. Effects of substrate stiffness on cells undergoing collective migration. (A) Migration speed of sparsely seeded MCF10A cells on various substrate stiffnesses compared with those of wound edge cells undergoing collective migration at 12 h after wounding. Box plots indicate median and quantiles, with data points outside the whiskers being outliers; blue bars within box plots indicate means and SEM. (B and C) The migration speeds (B) and the wound-directed velocities (C) of individual cells constituting the epithelial sheets were plotted according to each cell's distance from the wound edge for four time points during wound healing. The mean speed and mean wound-directed velocity for the four time points were overlaid as line plots. Graphs in B demonstrate that individual cell migration speeds increased as time progressed during collective migration on both soft (3 kPa) and stiff (65 kPa) substrates, though the increase was greater on stiff substrates. Graphs in C show that as wound healing progressed, whereas some cells migrated with velocities opposite to the direction of wound healing (negative values), most cell migration velocities contributed positively toward wound healing, especially for cells located closer to the wound edge. Unless otherwise noted, mean speed and mean wound-directed velocity were plotted for cells 12 h after wounding throughout the paper. N = number of experiments; n = total number of cells measured from N experiments. (D) Mean cell migration persistence for cells positioned at various distances from the wound edge was measured and plotted over a time course of 5 h, starting at 8 h after wounding. Insets indicate the final mean persistence ratio values at the end of the 5-h period. Unless otherwise indicated, bar graphs of mean persistence ratio throughout the paper were plotted for cells within 160 µm of the wound edge after 5 h of migration starting at 8 h after wounding. Nonoverlapping error bars (95% confidence level around mean) in B-D are statistically significant with P < 0.05. Video 1. 14-h progression of MCF10A collective migration on soft (3 kPa) and stiff (65 kPa) substrates. Red outlines trace the wound edge during the progression of wound healing, with blue outlines at the last frame indicating the original positions of the wound edge at 0 h after wounding. Time-lapse phase-contrast images were acquired one frame every 10 min using an automated inverted microscope (Ti-E) with Perfect Focus and a 37°C incubation chamber and automatically stitched from multiple 20× fields of view with NIS-Elements software; frame display rate = 12 frames per second (fps). Time is given in hours and minutes.
Video 2. Tracking of H2B-mCherry-labeled nuclei in the migrating MCF10A cell sheets from Video 1 on soft (3 kPa) and stiff (65 kPa) substrates. Time-lapse epifluorescence images were acquired one frame every 10 min using a automated inverted microscope (Ti-E) with Perfect Focus and 37°C incubation chamber and automatically stitched from multiple 20× fields of view with NIS-Elements software; frame display rate = 12 fps. Time is given in hours and minutes.
Video 3. Lamellipodial and cryptic lamellipodial protrusions in cells at various distances from the wound edge during collective migration on soft and stiff substrates. MCF10As expressing GFP-paxillin were mixed with unlabeled cells to visualize the crytic lamellipodia. The directions of protrusions were indicated with yellow arrows at the end of the video. White arrow at top left indicates the direction of wound healing. Bar, 50 µm. Images were acquired one frame every 1.5 min with a 40×, 0.95 NA air objective using a spinning-disk confocal microscope (CSU-X1 on Ti-E with Perfect Focus and a 37°C incubation chamber); frame display rate = 3 fps. Time is given in minutes and seconds.
Video 4. Migration of MCF10A cells treated with 25 µM blebbistatin on soft (3 kPa) and stiff (65 kPa) substrates. Treated MCF10A cells expressing H2B-mCherry (nuclei marker) were tracked using the custom wound edge detection (red traces; with blue traces at the last frame indicating wound edge positions at time 0 h) and a nuclei tracking program. Time-lapse phasecontrast and epifluorescence images were acquired one frame every 10 min using an automated inverted microscope (Ti-E) with Perfect Focus and a 37°C incubation chamber and automatically stitched from multiple 20× fields of view with NIS-Elements software; frame display rate = 12 fps. Time is given in hours and minutes.
Video 5. Migration of MCF10A cells with overexpression of DN-Ecad on soft (3 kPa) and stiff (65 kPa) substrates. MCF10A cells expressing H2B-mCherry (nuclei marker) and DN-Ecad were tracked using the custom wound edge detection (red traces; with blue traces at the last frame indicating wound edge positions at time 0 h) and a nuclei tracking program. Time-lapse phasecontrast and epifluorescence images were acquired one frame every 10 min using an automated inverted microscope (Ti-E) with Perfect Focus and a 37°C incubation chamber and automatically stitched from multiple 20× fields of view with NIS-Elements software; frame display rate = 12 fps. Time is given in hours and minutes.
Video 6. Migration of cells with down-regulated P-cadherin (siCDH3) and treated with 0, 5, or 50 µM of blebbistatin on glass. Treated MCF10A cells expressing H2B-mCherry (nuclei marker) were tracked using the custom wound edge detection (red traces; with blue traces at the last frame indicating wound edge positions at time 0 h) and a nuclei tracking program. Time-lapse phase-contrast and epifluorescence images were acquired one frame every 10 min using an automated inverted microscope (Ti-E) with Perfect Focus and a 37°C incubation chamber and automatically stitched from multiple 20× fields of view with NISElements software; frame display rate = 12 fps. Time is given in hours and minutes.
